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Abstract 
The machining of highly filled abrasive polymer plastics in injection molding processes determines high resistant tools in the 
industrial production. One of the most important points is a long durability of the molding tools to reduce the costs of production. 
Thus, the adhesion force and abrasion will be reduced with the help of defined surface properties. 
To achieve appropriate surface conditions, an ultra-short pulse laser is used for a micro structuring. Additional a laser polishing 
of the micro-structured surfaces to optimize the frictional properties is presented. This paper shows the research results of 
investigations on the laser modification of steel surfaces, to generate high-quality and wear-resistant surfaces for injection 
molding tools. 
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1. Introduction 
Injection molding tools in the production of plastic parts underlie a wear during the period of use. Thus, the 
lifetime of molding tools is limited. Wear can be caused by abrasion of the tool surface, when highly filled abrasive 
plastics e. g. PA6 GF50, are processed. Another cause for wearing is adhesion on the tool surface by use of difficult 
demouldable plastics. The consequences are changes of the tool surface structure and the surface of the 
manufactured plastic parts. Also the costs of tool repair as well as the costs of the production are increasing. 
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Additional, to progressively reduction of the cycle time, an increasing of process parameters, e. g. injection pressure 
and tool temperature is a cause for wearing. 
Conventionally, tool surfaces are coated by hard coatings, e. g. chromium nitride or titanium nitride, to adapt the 
tribological properties between tool surface and injection molded parts (Kayser 2002). But the application of these 
coatings is limited and in long-term use with highly filled plastics there exist no experience. Another possibility for 
an adjustment of the surface properties are microstructures e.g. by laser treatment.  In the modification of the tool 
surface by laser, the effects of the microstructure on adhesion, demoldability and wear, depending on material 
combination of molding tool and plastic, is not well known in detail. Currently, laser structuring of molding tools is 
used to achieve special optic or haptic properties or self-cleaning effects on plastic surfaces. Well known 
applications are the generation of certain surface imitations, such as leather interior furnishings in the automotive 
(Kordt 2007) or the generation of plastic parts with hydrophobic properties (Wirth 2010). 
To adapt the properties of tool surfaces on the mentioned requirements, investigations on surface modification by 
laser radiation were done. In the course of this, two main objectives were followed: Firstly, by introduction of 
defined microstructures, adhesion between tool surface and injection molding mass should be reduced and so 
demolding will be improved. Secondly, by laser polishing of the structured surfaces, the sliding properties and with 
it the wear behavior of tool surfaces should be optimized. 
 
2. Micro structuring with Ultra-short pulse laser 
By micro structuring of the tool surface, two effects are aimed: The first surface effect is a reduction of the 
contact area between the tool surface and the injection molding mass and thus a reduction of the demolding-force 
(Fig. 1). This presupposes that the injection molding mass doesn’t flows into the microstructures and this depends 
on the structure size and the fluid properties. Therefore the microstructures must be sufficiently small. The second 
surface-effect, which has to be achieved by laser modification, is a decreased adhesion and thus a low wettability of 
the surface. 
 
Fig. 1. Reducing of the contact area by micro-structuring. 
To realize these effects, three different types of structures were developed (Fig. 2). The first one can be generated 
by laser writing of parallel lines with defined line spacing. In the second type, these lines are arranged in two 
directions with an angle of 90 degrees. This structure creates a grid on the surface. Contrary to the first both types, 
the third structure type can be realized by uniformly arranged dots. The required depth of all structures of several 
microns is produced by multiple repetitions of the contours and a removal of thin material layers. Thereby, the 
surface area is increased, significantly. The results at the different types are trenches, pyramids or blind holes. One 
important difference of these structure types is the size of the surface. The largest is realized at the pyramid-structure 
and the smallest at the blind-hole structure. Instead, the contact area of the pyramid-structure is smaller, than of the 
trench and the blind-hole structure, assuming that the injection molding mass doesn’t flows into the structures. 
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Fig. 2. 3D-CAD-models of different structure types. 
 
The investigations were performed on tool steel (material number 1.2343). To generate microstructures on the 
steel surface a laser ablation process is used. The laser energy is absorbed onto the surface and small material parts 
are sublimated. Also, the heat load must be limited, to avoid melting on the material surface. These requirements can 
be reached by application with an ultra-short pulse laser. The special feature of this laser is the short pulse duration 
of less than 10 picoseconds and a repetition rate of up to 1000 kHz. The pulse duration is a compromise of a reduced 
heat load and an effective ablation of the material. The ultra-short pulse laser system is able to emit radiation at three 
different wavelengths, but only 355 nm was used for the investigations, caused of the smallest focus diameter at this 
wavelength. In addition, by using different scanner optics, the focus diameter and so the size of the microstructures 
can be varied. The maximum average laser power is 7 W@355 nm wavelengths, but only 0.5 watts were used for 
structuring, to avoid melt in the structure surface. The pulse energy at 355 nm, 1000 kHz and 0.5 watts is about 
0.5 μJ. 
To achieve surface effects and to avoid an inflow of the injection molding mass into the microstructure, the 
dimensions of the structures should be smaller than 50 microns. The limit of the structure size is determined 
primarily by the focus diameter of the laser beam. Therefore, the smallest available focus diameter of 18 microns 
with a focal length of 103 mm was used for the investigations. By using a scan velocity of 1000 mm/s and 40 cycles, 
structures with a width of 16 microns and a depth of 5 microns were achieved. The distance between the structures 
was set on 20 microns. The analysis of the laser-modified surface was realized by a laser scanning microscope. The 
measurements shows the structure profiles of the different structure types (Fig. 3) and exemplary the dimensions of 
the trench structure. 
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Fig. 3. LSM-images of the structures types and the structure dimensions. 
 
Furthermore, the characterization of the structured surface has shown a micro roughness average (Ra) in the 
structures of up to 0.4 microns. In the initial state, the roughness average of the polished surface is Ra=0.01 microns. 
The significant increase in roughness was caused by the well-known “self-organizing micro formations” (Fig. 4). 
This is a typical effect in the machining of metals with ultra-short pulse laser radiation and depends on the 
polarization (Varlamova et al. 2006). The used laser beam is linearly polarized in the longitudinal direction of the 
structures. 
 
      
Fig. 4. SEM-images of the laser-structured surface (left) and self-organizing micro formations (right). 
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3. Laser polishing of micro-structured surfaces 
Due to the rough surface of the microstructures, a sliding of the injection molding mass, on the tool surface could 
be inhibited. Therefore, a smoothing of the tool surface is indispensable, but due to the microstructure not 
practicable in a conventional way. To polish the entire structured surface a laser polishing process with near infrared 
radiation from a solid state laser was used. The laser radiation melts a thin surface layer in the dimension of the 
micro roughness. With the help of the surface tensions, the surface will be flattened to a roughness average of 
Ra=0.03 microns. In Fig. 5, a laser structured steel surface before and after the laser polishing process is shown. 
 
           
Fig. 5. Laser structured tool steel surface before (left) and after laser polishing (right). 
To quantify the wettability of the modified surfaces, a determination of the contact angle ࣄ by using of water was 
done. Fig. 6 shows the different wetting behavior of a polished surface before the laser structuring process (left) and 
a surface with a trench structure before (middle) and after (right) laser polishing. By introduction of microstructures, 
the contact angle has been increased significantly (ࣄ=122°) and thus a lower wettability of the surface was 
achieved. By this effect the adhesion force as well as by adhesions caused wear of the tool surface could be 
minimized and demolding could be improved. After polishing by laser the contact angle has been decreased down to 
98° but that is still slightly hydrophobic. Hence, the ripple structure as well as the trench structure has a significant 
influence on the wetting behavior. 
 
 
           
Fig. 6. Hydrophobic properties with water. 
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4. Summary and Outlook 
The aim was to develop a laser based technology for the production of tool surfaces with improved demolding 
and wear properties. For this purpose, different structure types were designed. For the realization of these structures 
in tool steel, investigations with ultra-short pulse laser have been performed. Thereby, microstructures with a size of 
less than 20 microns and with hydrophobic surface properties were generated. A following laser polishing process 
reduced the roughness average up to Ra=0.03 microns. 
In the next step, the technology will be transferred on mold inserts, for tests in an injection molding machine. By 
these tests, the demolding and the wear behavior of the modified surfaces will be evaluated. 
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